Background: Neuroendocrine carcinoma (NEC) arising from the esophagus (EsoNEC) is extreme rare, accounting for approximately 1% of esophageal cancer.
| INTRODUCTION
Neuroendocrine carcinoma (NEC) is a high-grade neoplasm with pathological neuroendocrine features, such as expression of chromogranin A and synaptophysin. In the current World Health Organization (WHO) classification of tumors of the digestive system, NEC is defined as poorly differentiated carcinoma with a mitotic count of >20 per 10 high power field and/or a proliferation index >20%, mainly consisting of small cell carcinoma and large cell carcinomas. 1 NEC arising from the esophagus (EsoNEC) is extremely rare, accounting for approximately 1% of all esophageal malignant diseases, and its incidence is reportedly more common in Asian countries than in Western countries. [3] [4] [5] In "typical" esophageal cancer such as adeno-or squamous cell carcinoma, perioperative chemotherapy or chemoradiotherapy before or after surgery is the standard treatment, and definitive chemoradiotherapy (dCRT) is performed alternatively as an optional treatment. 6 Even for localized NEC, chemotherapy plays an important role in the multidisciplinary approach recommended in treatment guidelines because of its high rates of systemic recurrence and poor prognosis. 1, 2 Considering its high sensitivity to radiotherapy, which is demonstrated by small cell lung cancer, and the invasiveness of radical esophagectomy, which may compromise the patient's condition, it is controversial whether surgery or radiotherapy are appropriate local therapies for EsoNEC. [7] [8] [9] [10] However, the clinical outcomes of dCRT for EsoNEC are not well known because of its rarity. The purpose of this study was to clarify the clinical outcomes of locally advanced EsoNEC treated with dCRT.
| MATERIALS AND METHODS

| Patient selection
We retrospectively reviewed the medical records of patients with locally advanced EsoNEC who were initially treated with dCRT at the National Cancer Center Hospital (NCCH) from 2001 to 2017. The subjects of this study were extracted from our consecutive patients' database. Clinical staging was determined based on a multidisciplinary team conference based on the findings of upper gastrointestinal endoscopy (UGI), endoscopic ultrasonography, and cervico-thoracicabdominal thin slice computed tomography (CT). Neck ultrasonography and 18 F-fluorodeoxyglucose positron emission tomography were performed if necessary. Patients with histology other than neuroendocrine carcinoma, Stage IA disease, distant metastases other than supraclavicular lymph node (SCLN), simultaneous advanced malignancy, or without detailed follow-up data were excluded. This retrospective study was approved by the institutional review boards of NCCH (2012-268).
| Treatment
Subjects were treated with two courses of chemotherapy with (a) cisplatin (80 mg/m 2 , day 1) plus etoposide (100 mg/ m 2 , days 1-3) administered every 3-4 weeks; (b) carboplatin (area under the curve: 5, day 1) plus etoposide (80 mg/ m 2 , days 1-3) administered every 3-4 weeks; or cisplatin (70 mg/m 2 , day1) plus 5-fluorouracil (700 mg/m 2 , days 1-4) administered every 4 weeks. Patients were divided into two groups according to the treatment regimen; CE-RT (cisplatin or carboplatin plus etoposide) and CF-RT (cisplatin plus 5-fluorouracil) groups.
Radiotherapy was delivered concurrently with chemotherapy using megavoltage (≥6 MV) X-rays; a total dose of 60 Gy was administered in 30 fractions without break. The clinical target volume (CTV) for 60-Gy irradiation included the primary tumor plus a 2-3 cm cranio-caudal margin, and the metastatic lymph nodes plus a 0-1-cm margin. Planning target volume was defined as CTV plus 5-to 20-mm margins. Basically, elective nodal irradiation (40 Gy) was performed even in T4 case. The regions for elective nodal irradiation were planned by the judgment of radiation oncologist and mainly included the mediastinal and perigastric/celiac lymph nodes, and in some cases bilateral cervical lymph nodes. Basically, the radiation field was determined by three-dimensional planning using CT.
| Data collection and statistical analyses
Performance status (PS) was evaluated according to the Eastern Cooperative Oncology Group criteria. Clinical staging was classified according to the 7th edition of the UICC-TNM classification because its 8th edition focuses on only squamous cell carcinoma and adenocarcinoma. Adverse events during CRT were evaluated according to Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. A clinical complete remission (cCR) after dCRT was defined when (a) no residual tumor was detected by UGI and CT and (b) no malignant cell was detected in endoscopic biopsy specimens. Overall survival (OS) was defined as the time from the first date of the treatment to death (any cause) or censored at the last date of confirmed survival. Progression-free survival (PFS) was defined as the time from the first date of the treatment to the date of the first documentation of disease progression or death (any cause), whichever came first, or censored at the last date of confirming survival without disease progression. For patients who underwent salvage esophagectomy for remnant disease without disease progression after dCRT, incomplete (R1/2) surgery or disease recurrence after curative (R0) surgery were counted as PFS events. Disease progression was divided into locoregional progression (LP) inside of the radiation field and distant progression (DP) outside the radiation field. The median follow-up time was estimated using the reverse Kaplan-Meier method. Survival curves were drawn using the Kaplan-Meier method and compared by the log-rank test. Univariate analyses for detecting prognostic factors were performed with Cox regression models. All statistical analyses were performed using the SAS software (version 9.4 SAS Institute, Inc).
| RESULTS
| Patients' characteristics
Of 5483 patients with primary esophageal cancer treated at the NCCH from January 2001 to December 2017, 45 with EsoNEC were identified. After excluding 23 patients who had distant metastases other than supraclavicular lymph node (N = 20) or Stage IA (N = 1) and concurrent active malignancies (N = 2), a total of 22 patients were included in the study. Patient characteristics are shown in Table 1 .
A total of 17 out of 22 (77.3%) patients received radiotherapy concurrent with platinum and etoposide (CE-RT group). The other 5 patients received cisplatin plus 5-fluorouracil (CF-RT group). Five of the 17 patients in the CE-RT group had Stage IB or II disease, while all patients in the CF-RT group had more advanced (≥Stage III) disease. Only 1 patient treated with CF-RT received induction chemotherapy with cisplatin plus etoposide before dCRT. Radiation therapy for 1 patient was planned by two-dimensional CT.
| Tumor response
A total of 20 out of 22 (90.9%) patients had target lesions, 17 (85.0%) obtained tumor response while cCR was achieved in 15 (75.0%) patients. On the other hand, the remaining 2 patients without target lesion achieved cCR at the primary tumors, therefore the overall cCR rate in was 77.3% (17/22). cCR rate by treatment regimen were 70.5% in the CE-RT group (12/17), and 100% in the CF-RT group (5/5), respectively. Figure 4 ). Although no significant survival difference was observed between the two chemotherapy regimens (Figure 2 : P = .389, Figure 4 : P = .277), patients treated with CE-RT achieved more long-term progressionfree survival than with CF-RT (8 in CE-RT, 0 in CF-RT). Univariate analysis indicated that patients with depth of primary lesion (T3-4) and high WBC counts (>8000/mm 3 ) tended to have poor PFS (Table 2) , whereas SCLN metastases (M1) was associated with poor OS (Table 3) . No long-term survival was achieved in patients with SCLN metastases.
| Survival outcome and prognostic factor analyses
| Disease progression pattern and treatment after initial relapse
A total of 8 of 22 (36.4%) patients achieved progression-free survival, while the remaining 14 patients experienced disease progression after dCRT. Locoregional progression (LP) was observed in 4 patients, distant progression (DP) in 7, and LP + DP in 3. In 6 out of 10 DP patients, progression sites were liver or distant lymph node metastases (others in bone, skin, adrenal gland, or brain).
A total of 3 out of 14 patients received best supportive care after disease progression. Two of 4 patients with only LP received salvage esophagectomy and achieved R0 resection, but unfortunately both of them died due to tumor relapse and late radiotherapy-related toxicity (pleural and pericardial effusion). Only 1 patient received CRT for oligometastasis on an abdominal lymph node, but died due to multiple liver metastases. The remaining 8 patients (2 with LP, 4 with DP and 2 with LP + DP) received subsequent chemotherapy, and most of them were treated with irinotecan or amrubicine.
F I G U R E 1 Progression-free survival in all patients
F I G U R E 2 Progression-free survival by CRT regimen
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| Toxicity of dCRT
Toxicity profile by treatment regimen is shown in Table 4 . In summary, hematological toxicity and febrile neutropenia were more common in patients treated with CE-RT.
In terms of radiotherapy-related toxicity, no unexpected adverse event was seen in acute phase, but 2 patients (9.1%, both in CF-RT) were considered to be dead due to deterioration of the general condition related to non-malignant pleural and pericardial effusion, in the late phase.
| DISCUSSION
In NCCN and ENETS treatment guidelines, 1,2 surgery followed by adjuvant chemotherapy or dCRT are recommended for locally advanced NEC in reference to the treatment of small cell lung cancer. Casas et al, 7 reported that MST was 20 months in patients who received systemic chemotherapy in addition to local treatment while was as short as 5 months in localized EsoNEC patients who were treated with local therapy alone. Deng et al 8 reported that MST and 1/3/5-year OS of localized EsoNEC patients who received surgery-based treatment were 21.5 months and 75.0/33.4/28.4%, respectively. It is generally recognized that systemic chemotherapy is essential for multidisciplinary treatment as well as local therapy for localized NEC. As for local therapy, Wong et al 9 showed the data of National Cancer Database in the United States. They reported that more patients with locoregional EsoNEC received dCRT (63.0%) than surgery-based multidisciplinary approach (7.4%), and multivariate analyses indicated that patients treated with a surgery-based multidisciplinary approach had better prognosis than with dCRT (MST/3y-OS: 44.9 months/50.5% vs 16.1 months/30.9%, HR: 0.60, 95% CI: 0.37-0.97, P = .04). Moreover, Xu et al 10 reported the MST of limited-stage EsoNEC as 28.0 months, and multivariate analyses also indicated that patients treated with a surgery-based multidisciplinary approach had better prognosis than with dCRT (HR: 0.661, 95% CI: 0.451-0.970). However, there seemed to be selection bias because the analyses in these reports did not include patient's condition which is important to decide the treatment approach. In our study, locally advanced EsoNEC patients treated with dCRT achieved favorable clinical outcome (CR rate 77.3%, MST: 37.5 months, and 5 year-OS: 45.4%), showing consistent results with previous reports. Therefore, dCRT is an important treatment option for locally advanced EsoNEC. From the view of concurrent treatment regimen, platinum plus etoposide has been recommended in reference to the treatment of small cell lung cancer. 1, 2 However there has been also no data supporting this recommendation for EsoNEC. In our study, there seemed to be some differences in tumor response and survival outcome between CE-RT and CF-RT. Patients with long-term progression-free survival were observed only after CE-RT. In "typical" locally advanced esophageal cancer, 5-year PFS of patients treated with CF-RT was reported as 17.8%-56.6%, 6, 11, 12 therefore the tumor response of CF might be different between "typical" esophageal cancer and EsoNEC. While platinum plus etoposide is the chemotherapy regimen most frequently used for advanced NEC worldwide, it is suggested that CE is a preferable chemotherapy regimen also in combination with radiotherapy for locally advanced EsoNEC.
However, it is well-known that etoposide containing regimens are often associated with severe myelosuppression which was also observed in our study. Based on the risk of this chemotherapy regimen, its indication should be carefully judged considering patient's condition. For radiotherapy, 2 patients (9.1%, both received CF-RT) experienced fatal late toxicity. Toxicity might be related to overdose irradiation of vital organs since one patient received radiation therapy planned using two-dimensional CT, and another patient received 60 Gy irradiation over the entire esophagus and 40 Gy elective irradiation from bilateral cervical lymph node to the celiac node. In "typical" esophageal cancer, Pericardial effusion 41.2% (7) 0% (0) 40% (2) 40% (2) 
